At a population level, there are no systematic data to correlate the pattern of prevalence of noncommunicable diseases (NCD) with oral disease burden in South Asian countries. The influence of the age, gender, and geographical distribution on these diseases is not reported. We attempt to provide a population level correlation of occurrence using the Global Burden of Disease approach. Materials and Methods: Using the data from the Global Burden of Diseases, 2016, the occurrence of oral diseases (dental caries of permanent teeth, edentulism (including severe tooth loss), and periodontal diseases) and various NCDs, based on geographical region, gender and age groups were collected and subjected to correlation statistics. Statistical Package for Social Services (Version 23) was used to analyze the results. P ≤ 0.05 was considered as statistically significant. Results: Geographical location and age had a significant role in the occurrence of dental diseases. There was a considerable difference in rates of dental diseases and NCD prevalence in the various regions of Asia-Pacific. It was observed that for most of the NCDs, there was a linear significant relationship for edentulism as well as periodontal diseases with high statistical significance. Discussion: The factors that contribute to the discrepancies, phenomenon, and relationship between the oral diseases and NCDs are discussed. The current state of the importance of oral health, in maintaining overall health is discussed. Methods by which policymakers could bring about a change by utilizing the principles of "Overton window" for mobilizing the support of people are presented.
Introduction
The burden of noncommunicable diseases (NCDs) is rising in the Asia-Pacific region. [1] The data of the systematic analysis of the Global Burden of Disease Study, 2016 indicate that the Asian region is one of the severely affected regions, with increasing prevalence of diabetes, obesity, hypertension, endocrine abnormalities, and neoplasms. [1, 2] The Asia-Pacific region is one of the densely populated areas of the world and holding the two most populous countries of the world-India and China, both as emerging global economic leaders. A Global Burden of Disease search shows the huge burden of NCDs, including oral diseases in the countries of the Asia-Pacific region as shown in Figures 1 and 2 . In this region, >8/10 persons (age-standardized, both genders) experience NCDs, whereas the same for oral diseases ranges is 3-6.5/10 person. [2] With increasing longevity, the oral disease burden This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com is bound to increase and the Asia-Pacific societies may need to prepare for the same. [3, 4] Oral health has been increasingly promoted as a part of the spectrum of the NCDs since the 2011 United Nations (UN) high-level meeting on NCDs. The intrinsic connection between good oral health and NCDs are being done in the recent past with molecular and immunology-based evidences. [5] There is strong interlinking between oral diseases, namely, periodontitis, oral dysbiosis, and cardiovascular diseases as well as diabetes and others. Oral cancers are strongly linked to the use of tobacco, alcohol, and human papillomavirus. These findings have been widely reported. [4] [5] [6] Maintaining proper oral hygiene and preventing oral dysbiosis has been included as a part of the Global Action Plan for the Prevention and Control of NCDs 2013-2020 of the World Health Organization (WHO), as a supporting intervention. [7] Since the last action plan on NCDs, more advances have been observed in the NCDs-oral health scenario. The sugar taxation and its effect on dental caries as well as the economic impact have been demonstrated in several parts of the world. An increase in sugar taxation and proper food labeling have brought a reliable reduction in the incidence of dental caries as well as reducing the overall healthcare-related economics and disease burden. [8] [9] [10] [11] The usage of plastics has provoked that its micro-and nano-particles have reached the water table, percolated into groundwater and entered the human food chain via marine foods. [12] They have turned ubiquitous. The health effects of such plastics are unfathomable and mainly caused by Bisphenol-A (BPA), a plasticizer for the synthesis of plastics and an endocrine disruptor. [10] The Asia-Pacific region, with its large coastline, cannot remain immune to the harmful effects of plastic pollution. Although largely unreported, adverse health effects due to plastic pollution, particularly that of endocrine abnormalities, need to be stressed, studied and urgent action needs to be taken to mitigate noxious effects of plastic for oral and for overall health. [13, 14] To date, it is impossible to moderate BPA exposure by diet as it is very difficult to identify BPA-free food. [14, 15] In addition, it has been recently evidenced that bottled drinking water, which many people rely on, increase the risk of diabetes and cancer, possibly through the effects of plastics, though the concept needs to be proven. [14] [15] [16] Several policy papers have outlined effective ways to combat the burden of NCDs including oral diseases in the Asia-Pacific region. [3, 6, 7] The major underlying risk factor for the rise in NCDs in the Asia-Pacific region is the sociocultural and epidemiological transition. As a result of economic development, the region has undergone drastic changes in lifestyle, nutrition, and habits of its population. Thus, an increase in NCDs, including obesity and diabetes, has paralleled the growth of urbanization and globalization in the region. [3, 17] With many citizens of Asia-pacific region being exposed to NCDs and oral diseases [ Figures 1 and 2 ], the role of dentistsas oral health experts and dental associations cannot be understated. The potential of dentists to be the sentinels by whom the NCDs can be diagnosed or referred at an initial stage is considerable.
The correlations of dental diseases to NCDs are often linear as they complement each other. Worsening of certain NCDs predisposes to poor oral hygiene and oral dysbiosis that lead to increased periodontal diseases and or edentulism. Paradoxically, poor oral hygiene also, by its ability to create a low grade, persistent chronic inflammatory response, could cause a myriad of complications associated with NCDs. The correlation at population level including understanding the system dynamics of the interplay of NCDs and oral diseases would help to identify priorities, to plan to mitigate the NCD-oral disease burden and to implement and monitor the outcome. [18] The data of NCD-oral diseases would also help the clinicians to understand the synergistic progression of NCDs and oral diseases. Although the literature has sufficient evidence to highlight the individual relationship of various NCDs, [5] there are lacunae to associate the prevalence of common dental disorders-caries of permanent teeth, caries of deciduous teeth, periodontal diseases, and edentulism including severe tooth loss, notably in Asia. This manuscript intends to correlate the prevalence of the common NCDs with common dental diseases. An attempt is made to identify the influence of the Asian region, gender, age group on the prevalence of common oral diseases in Asia.
Materials and Methods
The data for the study were obtained using the primary data, as presented by Vos et al., 2016 , and employed for this study. [19] Using the data of the systematic analysis of the Global Burden of Diseases (GBD) data of 2016, available at https://vizhub.healthdata.org/gbd-compare/ and http://ghdx.healthdata.org/gbd-results-tool, the data for the prevalence of caries of permanent teeth, caries of deciduous teeth, periodontal diseases, and edentulism including severe tooth loss, for both genders and age groups (15-49, 50-69, 70+ years) were obtained. Similarly, the prevalence of NCDs-cardio vascular diseases, chronic kidney diseases, chronic respiratory diseases, cirrhosis and other chronic liver diseases, diabetes, urogenital, blood, and endocrine diseases, digestive disorders, drug use disorder, mental disorders, musculoskeletal disorders, neoplasms, neurological disorders, and other NCDs were collected from the GBD website. Details of different geographical locations within the Asia-Pacific region were collated. They were classified as Australasia (Australia, New Zealand); Central (Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, Uzbekistan); East (China, North Korea, Taiwan); South East (Cambodia, Indonesia, Laos, Malaysia, Maldives, Mauritius, Myanmar, Philippines, Seychelles, Thailand, Timor-Leste, Vietnam); and South (Bangladesh, Bhutan, India, Nepal, Pakistan). The high-income Asian countries of Japan, Brunei, Singapore, and South Korea were excluded for the present study as their inputs may overshadow the significant results associated with the other East Asian countries.
The systematic analysis of the GBD 2016 details reported to employ a complex mathematical model algorithm and assumptions that have been previously described thoroughly. [19] Such approaches have been previously used successfully in other similar publications. [20, 21] Data were expressed as rates (per 100,000 population). Using the unique Bayesian disease modeling approach, the GBD interactive function provided the estimates of dental caries, periodontal diseases, and edentulism including severe tooth loss. All definitions and scope used in the GBD 2016 have been retained for this purpose of this study. Only the rate, without the upper and lower uncertainty limit, was used for further analysis.
The collected data were further analyzed for descriptive and inferential statistics using the Statistical Package for Social Services (version 23, IBM, IL, USA). Descriptive statistics for NCDs and prevalence of permanent dental caries, periodontal diseases, and edentulism including severe tooth loss were studied. One-way analysis of variance and Mann-Whitney tests were employed, as appropriately, to find the difference prevalence of permanent dental caries, periodontal diseases, and edentulism regarding geographical locations, gender, and age distribution. Pearson's correlation was employed to correlate the prevalence of permanent dental caries, periodontal diseases, and edentulism (including severe tooth loss) with NCDs. P ≤ 0.05 was taken as statistically significant.
Results
The prevalence rate of caries of permanent teeth was the highest in Central Asia (48470 ± 1737) and the lowest in Australasia (19515 ± 3101). The difference between the various Asian regions was statistically significant (P = 0.000). On the contrary, edentulism and severe tooth loss were the highest in Australasia (20346 ± 16899) and the lowest in South East Asia (8517 ± 7327). The difference between the different Asian regions was not statistically significant (P = 0.213). Periodontal diseases were common in South Asian countries (26827 ± 9867) and least prevalent in Australasia (11970 ± 5114), and the difference among Asian regions was statistically significant (P = 0.023) [ Table 1 ].
The prevalence of various NCDs had varied presentations. The cirrhosis and liver-related ailments were least common, while diabetes, urogenital, blood, and endocrine diseases, neurological, and musculoskeletal problems were more common NCDs in various parts of Asia. The prevalence was different in different parts of India. The descriptive statistics are provided in Table 2 .
In the data, we could not find significant differences in caries in permanent teeth, edentulism, permanent tooth loss and periodontal diseases etc., among males and females (P = 0.569, 0.512, and 0.393, respectively) [ Table 3 ]. The age-group was not statistically significant for the occurrence of caries of permanent teeth (P = 0.763 while for edentulism and severe tooth loss as well as for periodontal diseases the age group was a statistically significant factor (P = 0.000) [ Table 4 ].
On comparing the various NCDs with dental diseases, it was observed that only dental caries of permanent teeth was significantly correlated with neoplasm's with Pearson correlation, R 2 being −0.621 (P = 0.000), whereas other correlations were not statistically significant.
For edentulism and severe tooth loss, a positive correlation was observed with statistical significance [ Table 5 ] with cardio vascular diseases, chronic kidney diseases, chronic respiratory diseases, diabetes, urogenital, blood, and endocrine diseases, mental disorders, musculoskeletal disorders, neoplasm, and other NCDs. While the drug use 
Discussion
The prevalence of dental caries of permanent teeth and periodontal diseases differ significantly across various parts of Asia-Pacific. The strong heterogeneity of the population in terms of dietary factors and oral hygiene practices and other deleterious may contribute to this difference. The absence of significance between various regions for edentulism indicates that the pattern of loss of tooth across Asia, for any reason is consistent across the Asia-Pacific region. Similarly, the prevalence of NCDs across the Asia-Pacific region is also heterogenic and widespread [ Tables 1 and 2 ]. The absence of significance between genders and age groups indicate that they are not the main drivers of the difference in the trends of occurrence of tooth loss, dental caries of permanent teeth, and periodontal diseases. The literature is concurrent with these findings. [5] The association of NCDs with various oral health issues at the population level [ Table 5 ] relates to oral dysbiosis rather than to other disease processes. The statistical significance of oral dysbiosis is highest, especially when referring to periodontal health issues and subsequent tooth loss. The absence of significance for dental caries with NCDs is another significant association.
As the findings are found at the population level, the assessment of co-morbid NCDs and dental disease pose a challenge. Future studies need to assess this aspect further. The findings of the linear association, especially with cardiovascular diseases, chronic kidney diseases, chronic respiratory diseases, diabetes, urogenital, blood, and endocrine diseases have been reported earlier. [5] The increasing microplastic pollution seeping into food chain is a cause of concern. With its far-fetching impact, plastic pollution, especially in micro-and nanoparticle form could cause an unprecedented effect on the overall health of human and all biological species. The endocrine disruption of plastic is well documented. [10] [11] [12] [13] [14] [15] Endocrine disturbances, as seen in this study result are more pronounced and the role of plastic in this aspect has to be probed further. Role of bottled water, as a source of plastic has already been reported. [14] [15] [16] The shortage of potable drinking water is on the raise in Asian economies and usage of bottled water is also on the raise in Asian countries. The possible link between the increasing incidence of this practice and the rise of NCDs needs further exploration.
Maintaining adequate oral hygiene and preserving tooth assume more significance in the light of the findings that higher human functions such as cognition are associated with mastication efficiency. [22] Loss of tooth has been associated with cognitive decline that is much pronounced in the elderly. [23, 24] With replacing the lost tooth, cognitive functions have been reported to be regained, to remarkably improve the quality of life. [25, 26] However this comes with additional burden, as there are studies to report, increased rate of mortality in dental implant patients, especially among those suffering from cardiovascular diseases or causes. [27] These studies underline the need for maintaining adequate oral hygiene, the need to preserve the natural tooth as well as replacing the lost tooth. If the debate on the link between poor oral health and NCDs could be presented with strong scientific evidence and a favorable outlook created among the public, a complete support from the population could be expected.
In lieu, if scientific evidence and the public response are unfavorable, the policymakers would be forced to create alternate supportive mechanisms such as a "sin tax" or "sugar tax." In situations, especially where there is weak scientific evidence and an unfavorable public response, the support for the proper oral health measures would be negative [ Figure 3 ]. The oral health research community, the dental policy makers, as well as the health profession's leadership need to create awareness among the public for widespread support, while the scientific evidence needs to be developed from the members of the oral heath profession. Most importantly, results of such science should reach the general public.
In health care policies, decisions and plans taken in such contrasting situations, are in line with "Window of opportunity" or the more related "Overton window." [28] The concept refers to a narrow range of evidence-based policies considered politically acceptable in any public opinion. Often in democracy or any form of governance, policy makers, due to several constraints, are forced to operate between the windows of opportunity. They would always ensure the extremes of boundaries are not transgressed if they look to keep their positions. While the supporters of the proposed policies outside of the considered spectrum will work to convince the public to increase the scope of the window, those supporters (within the window) emphasize their stand and resist the expansion of the window. A narrow window would indicate that the widely held beliefs would be closer to evidence-based policies, and if the window is wide, in all possibilities, the policies could significantly deviate from actual science. Figure 4 indicates one such OVERTON WINDOW of oral health policies.
Maintenance of optimum oral health for overall general health needs a societal change catalyzed by oral health professionals. For this to occur, the oral health professionals need to face a narrower range of socially acceptable positions than the range of possible positions. Positions within the concept of "Overton window" are seen as mainstream and uncontroversial, while that outside of it are viewed as shocking, upsetting, and dangerously radical.
The key point is that, with sufficient social pressure and awareness campaigns, the Overton window can shift over time, and today's radicals may be tomorrow's moderates. The oral health reform movement has to shift the Overton window to make progress. This comes with raising awareness and the motivation to change, so that oral To shift the Overton window, dental policymakers and the oral health profession's leadership need to position themselves outside of it and perform successfully. Social change always begins with a few brave, such as the before mentioned leadership, that dares to advocate and promote aggressively, which is currently perceived as unthinkable. Moreover, like most of those first-generation public policy advocates, they would be facing negativity that needs to be countered with evidence-based dental science. However by their mere existence, by their willingness to stand fast on their principles and refusal to compromise, the leaders stretch the boundaries of what the majority considers possible and redefine what counts as the "moderate" position. Radical ideas take time to produce changes in policy. When social and political forces bring about change in oral health policies, the window of oral health possibility shifts up or down the spectrum, and can also expand to include more policy options or shrink to include fewer.
The existing leadership of dental associations of the Asia-Pacific region needs to collaborate with the NCD-Alliance and other medical specialty organizations, with professional groups contributing to oral health promotion and disease prevention, like educators community workers and auxiliaries, as well as with other international bodies, like the WHO and the UN, to evolve a comprehensive sentinel mechanism of mutual reference, in which the dentist can function as the central NCD-prevention reference-professional. As worsening of oral diseases and progression of several NCDs are highly interrelated, identifying, diagnosing, and treating both entities needs to see all medical professions involved. [5] The existing National Dental Associations (NDAs) shall identify the priority of NCDs in their communities, nations, regions and enter into an official referral program. There dentists and NCD-specialists (such as the diabetologist or cardiologist) mutually refer to each other, under a noncontractual agreement in the best interest of the profession and the patient/people. This needs a strong commitment from the leadership of the NDAs as well as the representatives of other medical specialties. As sentinels of oral health and thus general health, the existing dental associations' leadership should take a step back and reassess strategies to combat NCDs. For this, it is absolutely essential that the voice of the oral health professionals resonates in unison with other health professionals at national, regional, and global forums and that it emphasizes their role in combating NCDs.
To enable this, the FDI World Dental Federation, as the global voice of dentistry needs to have a repository of data pertaining to oral health, NCDs and the overlap. At present, the FDI database has resources at https:// www.fdiworlddental.org/resources/oral-health-atlas/ oral-health-atlas-2015. The database is actually growing by collecting new data with FDI's Oral Health Observatory project, in which many NDAs are already involved. This has to be further enriched to include the prevalence of NCDs and the overlap of NCDs and oral health. NDAs should be encouraged to collect micro-level and macro-level data, including an oral health quality of life questionnaire on a cross-sectional as well as a prospective basis to ascertain the truest impact of oral health on the prevention as well as on the progression and treatment of NCDs. This repository of data, in real time basis, could be an immense source of data to regulate oral diseases as well as to combat NCDs. In addition, the data and their results would help FDI, backed by its regional organizations and supported by its member-NDAs, to emerge as a large player on a higher level in the global health arena. The FDI, by this virtue, would emerge as a prominent reference organization when it is about any discussion dealing with oral disease, general disease prevention and oral health promotion, and the overdue implementation of oral health in all health policies and socioeconomic planning processes. The latter would give significant support to the "triple billion targets" to be achieved until 2023 and defined in the WHO's Universal Health Coverage.
When the societal and biopsychosocial determinants of health as a cause of NCDs and oral disease are deeply studied and adequately reported, the emerging/future business models would be forewarned to stay away from a philosophy based on negativity, over-consumption and entropy of quality that of quality of life included. This chance to radically change towards a strategy of negentropy of quality is presently knocking at our doors. [29] This means order and organization of global economics, finances, health, politics, and societies promise to lead toward a "market" that creates increased revenues and respect for the globe and for people. FDI, as the leader of NDAs and a responsible advocate for the sentinel-function of the oral health profession, should start preparing for the same. The Asia-Pacific region, with its large population, resources and strong academic drive should initiate the process of creating, maintaining, and reporting this data in real time, possibly evoking help from all available sources including big data analysis, artificial intelligence, and Internet of things.
Conclusions
At the population level, in adults, increase of NCDs is associated with the burden of dental diseases, notably of periodontal diseases. The Asia-Pacific region is one of the most populous regions of the world having both developed and developing economies. There is a sufficient difference in the occurrence of oral diseases in Asian countries and this is related to the burden of other NCDs too. The policymakers need to move the governance and public perception in favor of maintaining adequate hygiene for overall well-being. In addition, the data herein underline that combating oral diseases need to be taken on the same plane as that of diabetes, hypertension, or respiratory disorders. From literature, it is evident that oral diseases and these conditions are related at a prognostic level. It is imperative that oral health policymakers in the Asian region need to work together to make oral health a priority and to combat the increasing menace of an increasing NCD burden.
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